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The U, S. Lunar Laser Ranging Stations

The MeDonald Obgervatory Station

The MebDonald Chservatory Lunar lLaser Ranging Station

) is locatcd at approximately 103 deg. W and 30 deg. I in
S.%W. Texao. The system has been in operation since the
fall of 1969 and currently has produced approx. 1800
normal pointe with the firing of over 700,000 laser shots,
The rangine system has been descerived In some detall in the

Jourrnzl of Applied Optics 13, p. 565, 1974, Since that
description is still accurate with the exception of the timing
electronics, we will only briefly swmmmarize each of the main
areas of concern. More detailed documentation of both the
couipment as well as the operations is avallable to any

interested party by writing the author in Fort Davis, Texas.

Table I.summarizes the most important parameters of the
MecDonald Lunar System. To give you some idea ofthe overall
operating problems,I will list a few of the statistics of
operation which have been accumulated over the course of the
last five years.
a) The averace sirnal for the best month of operation was
N approximatsly 0.1 phetoelectron for cach laser shot.
- b} he peair gishals which have been seen at the observatory
approach @ lovel of 1 photeelectron/shot.
¢)  The average sigmal for a year of operation will average
approximately 0,03 photoelectrons/shet for the Apollo
15 corner reflector.
d) The ratic of successiul runs to attempted runs averages
about 794 for the last three years.
e) The dveragd accuracy of the 1800 normal pointg is about
A,
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Table T

Tmportant Paramceters of the Melonald Station

transmittor/receiver size 2.7m diam,
output enersy per shot 1.2J O 6943%
spacial filter & arc sec
spectral filter 1.2 2

total recelver efficiency ~0,5%

laser pulse width 3.0 M
repetition rate 0.33 Hz
single shot uncertainty ~ 30 cm
limiting collimation 1.5 arc sec

he Jlectronics: The timing electronis of the McDonald

system has recently been upgraded to higher accuracy.
Th D
0

> new systen uses an IG&G Time Digitizer +to measure

b

1

o

ot

I the epcer of Ziring of the laser as well as the
cpoch of the receéived pulse from the moon. The EG&EG
device has permitted us to contruct a lunar timing system
using only commercial equipment with an RMS Jitter of

125 picoseconds. The system 1s self calibrating and is
expected to be extremely reliable. Schematiic diagrams
are wvailable on request.

Calibration: The sytem calibration is accomplished by

sending a small portion of the outroing laser beam to the

PMT each time that the laser is fived., Thig enables us to
atatistically determine the system calibration constant

on each day with an accuracy of dbout 200-300 psec, The
system does not appear.to.drﬁft¢in axQess-Q£-58mpsec-per;week

in the absence of room temperaturc variations
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pointing the telescope at the site using the cbzervers
knowledre of nearby features on the lunar surface., Thig
g J

o)

has only become Posgible because of the uuny observing runs
which the two regular observers have made (approx. 2 2500),
During periods when the observer can not see the site in
QUestion, cuch ag around new foon, the telescope is offget
from zmall craters using the accurate differential encodars
which are availabile on the 2.7 meter ing trument,

s

The Hawaii Station

The Univers 318y of Hawaii hag been ¢o structing a
laser station on the summit of Mount Ha}euﬂa? in Maui,
Hawaii Ffor sbhout two years. mhe Station is an ambitious
second generation station which ig des 1ﬂned for a normal
ranging-accuracy'of'?-% cm.  The two major design criteria
vere of +the Tollowing nature. a) In order to permit ranging
near new moon when the ctonirast on the moon was low, the
system should be capable of absolute Pointing to the neceg-
SAary accuracy. b) In order to permit ranging under a wide
range of less than optimnm conditions, it was decided to
attempt to obtain g return signal which was about three time
the averase ot “eDonald. In order to satisfy these crlterLa,
16 wia deeldoq 44 use o 8¥dtem which had g Goparate troansmilte
ter and receiver, The transmitter ig g 0.4 meter refracting '
telescope which is directed toward the neon by means of a
slderostat, mhe recelver, which in currently beinz contructed
at the Hational Bureau of Standards by J.i, Faller, is a
flyseye systen using 80, 30 enp objective lenses brought to
& common focus, The clectroniss ig a 2 channel, 8 stop
System with 100 psec resolution des $gned by D. G, Purrie and

C. Stegperda of the Un;vorﬂlty of Marylana.um”h“w”
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Tablic 11

Syecifications of the Haleakala Iunar Laser Station

transmitter size 0.4 m refractor
recelver s 2,0 m "{lyseye telescope"
spectral filter 2.2 i
laser pulse width ~ 200 psec
laser cnergy 200 mj/shot @ 53203
repetition-rate 3 Hz
single shot uncertainty ~T com
minimum collimation ~% arc sec
B A
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Figure I: The Haleakala lLascr Station



A rourh ochomatic drowing of the layout of tho Haleokala

station is shown on the Jast puge,

At present the basic ranging system at Haleakalas is
complete with the ecuception of the receiver, In order to
procecd as far asg posocible under these circunstances, it
wag decided to attempt some preliminary observations using
the 0.4 m transmitter also as a receiver., This has permitted
the station personnel 4o aebuz most of the equipment, par-
ticularly using wanging to a corner reflector on the Mauna
Kea Observatory which ie 124 Em distant, It was hoped that
some lunar ranges could be obtained with thic preliminary
system under optimin conditions, but a number of attempis

gso far rroved unsuccessful. TPurther details of this
system cun bl o toined from the project director, Dr,
diliion Carter, Institute for Astr@nemy,-ﬁox;157, Kula,
Haul, Hawail 96790 U. 5. 4,

. C., Silverberg
Aug. 12, 197




LUNAR AND SATELLITE RANGING SYSTEM
AT TOKYO ASTRONOMICAL OBSERVATORY

ATSUSHI TSUCHIYA
TOKYO ASTRONOMICAL OBSERVATORY,
UNIVERSITY OF TOKYO

1. INTRODICTION

Since 1972, we ha4 made routine observation of satellite
ranging by laserf It was, however, the first generation
System with ranging accuracy of about 1 meter.

Recently, 1975, we have installed new equipment for
both lunar ang satellite ranging. Our system is installed
at the podaira Observatcry, Tokyo Astronomical Observatory,
which is about 100 kilometers apart from down town Tokyo.
The altitude ig about 850 meters.

& SYSYEM

Fig. 1 - 3 show our System. The system specificati~
ons as follows:
i/ Lunar Receiving Telescope /Fig. 1/

Diameter 3,8 meters metalic mirror

Mount Az~E1l Mount

Drive Torgue Motor /Direct drive/
Encoder Inductosyn 1. g" /arc/ resolution
Field of view 10" -~ 307

i1/ Lunar transmitting telescope /Fig, 2/
This telescope is also used for satellite receiving
telescope switching the Optical path.

Diameter 0.5 meters glass mirror
:Lﬂognt.'¥';'L.h'T.'”X”?”ﬁ6Uht'é”éudé”cptiés -
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iii/ Lunar Laser

Wave length 6943 A / Ruby /

Constitution oscillator + 3 stages Amplifiers

Oscillator mode TEMOD

Oscillator output about 100 mJ

lst stage amolifier output 0.4 - 0.5 J

2nd stage amplifier output 1.5 -~ 2 J

3rd /last/ stage amplifier output 4 - 6 J

Pulse width 20 - 25 ns

Repetition rate 0.2 Hz

Beam divergénce ' 40" Jarc/
iv/ Satellite Laser

Wave length 6943 A /Ruby /

Constitution Oscillator + slicer + amplifier

Oscillator mode Multi Mode

Oscillator output 1 g /60 Mw/

Oscillator pulss width o 15 ns -

Power level after slicer 40 MW /peak/

Amplifier output 150 MW /peak/

Pulse width 2.5 ns

Repetition rate 0.1 Hz

Beam divergence 5 mrad

v/ Range counter

Accuracy 1 ns
Resolution 0.1 ns

vi/ Range Gate
Accuracy + 10 ns
Resolution 100 ns
Digits 8 Digits

vii/ Pulse distribution analyzer

A 4 bit 112 words high speed memory reccrds the PMT output
pulse number in sequence of 25 nsec of time interval. This
equipm@nt~i5-u58dgﬁni¥;r;f:lunaerBSérvation;
viit/ Timing
ﬁﬁﬁ%ﬁ&éﬁiégé%§%§%©r~%3~

Corad oS BN ET AR AT AT S T RReg T
through VHF radio to Cs irequency standards at MITAKA
Obsorvatory. The MITAKA Ubiservatory is our main office.



The timing accuracy is about * 5 us for USNO.
ix/ Computer Interface _

Here, we mention only for telescope offset command
/Fig. 3/. This is provided in order to offset the tele-
scope from its computed position without computer off.
By pressing appropriate buttom /corresponding to desired
axis/, computer add or substract a specified value on

encoder value, and controlls the driving. Hence, the tele-

scope axis 1is offset from initial position.
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UNIVERSITY OF MARYLAND LASER RANGING SYSTEM
C. 0. Alley

I. Introduction

Following the design, installation and initial
operation of the Mcbhonald Observatory lunar laser ranging
station, in cooperation with the University of Texas and
the Goddard Space Flight Center, the University of Mary-
land group turned it attention to research and development
for future laser-ranging systems. Work has concentrated
on short pulse /. 100 ps/ high repetition rate /high
average power/, NA-YAG lasers which cffer high accuracy
as well as a trade-off against telescope aperture which
can be very effective in reducing costs. Another area
of research has been the construction of improved timing
electronics to work with this type of laser. A third area
has been the experimental study of timing jlttex in
photomultiplier tubes for single photoelectlon detection

IT. Nd~YAG Laser /Steve Davis, John Dbegnan, Sherman Poultney/

This laser has been redesigned and rebuilt following
initial design and construction at the Sylvania Co. /W.
Fountain/ under contract to the Office of Naval Research
/F. Quelle/. It consists of an acousto~optic mode~locked
oscillator using continuous krypton arc lamp pumping of
a4 6.4 mm x 5 cm laser rod producing a pulse train of 120
pa FWLEM pulses at 150 MHz, One pulse can be selocted by
Pockels Cell switches as often as 30 times per second
for injection into a multi- pass cavity for amplification

to ~ 2 millijoules and subsequent extraction by Pockels
Cell switch andfrequency doubling to 5321 A by a KD%p
crystal with 30% conversion efficlency. Beam divergence

is maintained at the diffraction limit, about 0.4 milli-

- radians. Amplitude stabilzty cf a few percent ‘has been -
N exhibited /See Flgure l /




IIT."Event Timer" Electronics /Douglas Currie, Charles

Steggerda, John Rayner,
Al Buennagel/

A new type of timing system which eliminates the
need for many time-interval measuring systems has been
constructed. By using synchronous counters and latch
circuits along with dual slope time stretching vernier
circuits it is possible to record the epoch of a pulse
directly /in a time base desired from a 5 MHz signal/
with a resolution of 100 picecseconds, up to 100 pulses
per second. The epoch of the event in fractions of
- Julian Days is recorded in the memory of a NOVA 2/10

computer. By taking time differences between incoming

and outgoing laser pulses, the range time is determined
by the computer., A system of this type was delivered by
Maryland in 1973 and forms part of the Haleakala Lunar
Laser Ranging Station. IR ‘

1V. Field Operation in the Atomic Clock

General Relativity and Laser Pulse Time Transfer

EXperiment

In order to compare the time of a set of atomic

clocks in an aircraft with those of a similar set on
the ground, the laser has been incorporated into a
ranging system with an event timer and photomultiplier.
A similar event timer and photomultiplier is on the
aircraft. The photomultipliers are RCA type 31024, usad
with Hewlett Packard Type 8447 D and B low nolse wida
band amplifiers and the Ortec Type 473 constant fraction
discriminator., A corner reflector of the lunar type is
attached to the aircraft just outside the windaw
behind which 1is located the photomultiplier detector /with
neutral density light attenuators/. _ ‘

“The raw laser bean XAIZ"mm”diamétér/'isVihjectedm””
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Visual tracking with closed circuit television is used.
The laser ranging system performs very reliably in a bus
located at the airfield. After transportation from the
University in the ‘bus /130 km/ no adjustment of the optics
was necessary to achieve satistactory operation. On one
occasion the system operated continuously for 12 hours
with no difficulties.

Histogramg of 160 laser ranging shots to a stationary
target /white diffuse flat plate/ at a distance of about
100 m are shown in Figure 2 to illustrate system performance.
The solid lines are the original target position and the
dashed lines are for the target moved 2.54 em /1 inch/

closer to the transmitter.

V. Future plans
The system will be coupled to a new 1.2 m /48 inch/
telescope at the Goddard Space Flight Center and used in

regsearch on new techniquées to achieve 1 ¢cm ranga’

S g CUTACy for S pacecratt and /with anplifiers/ lonar  trackinge oo
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O.N.E.R.A. LASER TRACKING STATION
Claude VERET

The ONERA™ laser tracking station is actually in
operation on the GRAN CANARIA island, 28° north in lati-
tude, near the Africa west coast.

This station includes an azimutal pedestal which is
a modified BOFORS gun; laser transmitter and receiver are
mounted on it.

The main features of this equipment are the follow-
ing:

- Laser transmitter:

Ruby laser Q-switched by rotating prism.
Energy per pulse: 1 J

Half width of the pulse: 30 ns

Frequency of pulses: 1 per second

Divergence of the beam /out of the laser/: 30
_AfOCalmxafractive.talescop@:-X 10

Divergence /out of this telescope/: 3
=~ Receiver:

Cassegrainian reflective telescope

Diameter of the primary mirror: 60 cm

Telescope focal ienéth- 2.2 m

Spatial filter giving a field of view of: 37

Spectral filters: 0.5 or 1 nm

Rotating density filter

Detector: PMT, 56 TVP RTC
Twodmodes Of tracking can be used;
Mode 1: Visual tracking

An observer, sit on the pedestal, see the satellite

in a refractive telescope /diameter 120 mm, X 23/ and track
it with the aid of a Joystick acting on azimutal and e le-
vation mecanisms. During a passage, the laser is fired per-

~manently at the recurrence frequency of one shot per second. =

92320 Chatilloen /France/




Acquisition is done visually from the predictions.

Mode 2: Semi-automatic blind tracking

This second mode is mainly used for high magnitude
satellites uneasy to track visually such as STARLETTE. Other
satellites, such as GFOS and BEACON, can also be tracked
by this mode when they are in the shadow, by night, or in
crepuscule conditions.

Predictions of the satellites are coemputed by the
CNES Centre in TOULOUSE and sent by telex to the station.
These predictions are either ephemerides or orbit para-
meters. They are introduced in a computer, the output of
which is applied on a cathodic oscilloscope, at the time
predicted for the passage. On the screen of the oscillo-
scope appear several Spots: the spot at the centre of the
Scope correspond to the predicted position of the satellite
at the observation time; the other Spots are positions
earlier or later.

- An other reticle appears on the screen éofféépdﬁdihg
to the optical axis direction of the pedestal; this reticle
is obtained by voltage applied to the scope due to azimutal
elevation encoders mounted on corresponding axis.

An observer seeing the Screen, acts on a joystick to
move the pedestal and the reticle with it. With a good
prediction, tracking is obtained maintaining the reticle
on the central spot.

If the satellite is delayed with regard to the pre-
dictlon, acquisition can be done exploring with the reticle
the other spots appearing on the screen. The first echo
obtained by mean of this exploration, the computer receives
an order to delay its program and tracking is then done
as for a good prediction.

All datas are acquired by the memories of tho compu-
ter. After experiment, they are extracted from it dnd per-
forated punched. tape which 15 transmitted by telex to the
W?CNES Centr@ fox pxaceasxn N B




Calibration procedure

As for most laser trackingvstationS, calibration
constant can be determined, illuminating a target at a
known distance.

An other mode of calibration procedure can be also
used.

When operating, .the start signal for the counter is
given by a diode detector in the laser transmitter, and
the stop signal is given by the photomultiplier in the
receiver.

The diode is illuminated by a small part of the laser
pulse reflected by a beam splitter /glass plate without
coating/.

The calibration constant includes the optical and
electronic delays due to the fact there are twodifferent

detectors and associted electronics for starting and

-stopping the counter:. If a light pulée-would act on the

same detector /i.e. the diode/ for start and then for

stop after reflexion on a target, the calibration constant
would be zero, or only corresponding to a geometric
distance. So, to get the calibration constant, the follow-
ing procedure is possible:

The beam splitter, before the diode is rotated by
80°, So, when firing the laser to a target there is no
pulse on the diode when leaving the transmitter. The pulse
illuminates the target and comes back to the transmitter -
~ recelver. Part of this light, reflected by the beam
splitter gives a pulse on the diode which starts the
counter; an other part of the light reflected by the tar-
get goes through the receiver and gives a pulse on the
photomultiplier which stops the counter. The recorded
time is the calibration constant.

By means of suitable density filters before dliode and

allows calibration constant determination versus light

pulse return level. - ' \



LAGER REAM WAVEFRONT DISTORTIONS MEASUREMENTS

H., Billiris and N. Tsolakis
Na. o ownal Tech ical Univérsity of Athens

Sur. -ing Laboratory

ABSTRACT: Laser beam v vefront distortions affect the

‘ accuracy in range meas oements, mainiv in the case of
satellite range measu: 2xnts. In this paper we discuss

a new technigque foe the direct measurements of the Laser
bean wavefront distortions for the Laser Ranging System
of the Satellite Tracking Station, in Athens, Greece.

INTRO™ TION

wi. ..g the last decnde Laser Ranging Systems have
provided with the most accurate Satelllite rangs measure-—
ments. Today this accuracy is of the order of 30 - 50 om
for ranges of a few megameters. In order to achieve a
better accuracy using the existing Laser systems we have
to find meore sophisticated algorithms for the data
analysis., Lehr et al., /1973/ and Billiris /1874/, have
discussed for new ways of analysing the data. Laser
pulse photography, Lehr et al., /1973/, gave a new
correction ©f the order of a few nsac and Lasery bheam
distortions, Billiris /1974/, provided with another new
correction «bL abcut the same order ©f madnitude. The
last correction 18 possible 1f wa know thae laser beam
wavefront corrugations as well as the position of the
target in the Lasar beam.

Studies of Xorobkin et al., /19667, 71967/, on Lascry
pulse photography with a streak camera showed the direct-
ional distribution of the radiation with differences of
the order of 20 nsec. Asmbarsumyan ct al,, /1267/ and
Gibbs and w&frﬁhgr_/196? _ have shown that the magnitude

of the waveli. .U distortion is comparable to the duration

moasuremoents of the laser heam wavefront distortions for

the Satellite Tracking Station at 7Lonvwo~ Athens, Orcece.

(,L



The experiments carricd out, show that the wavefront
structure of this system affects the accuracy of ranging

to satellite.

EXPERIMENTAL SET UP - MEASUREMENTS AND RESULTS

The laser transmitter consists of a TRG 104A ruby
laser and a rotating roof prism. The ocutput pulse is about
60 MW with a width of 25 ns. The beam divergence is 1-2
mrads and the repetition rate 2 ppm. We also used a
Hewlett Packard, AH 5360A Computing Counter with a reso-
lution of 1 ns. As photosensitive unit we used a 931A
multiplier phototube at a distant of about 50 m. The
laser light incidents the photosensitive surface of the
tube through a 90° prism, of 4 mm diameter next, to which
a 6943 A filter was set.

Figure 1, gives the block- -diagram of the used system,
where we have used the START circuit of the laser system
and ‘as STOP pulse the one coming from the phototube.

Using the system’s amplifier we controlled the STOP pulse
to be of constant height 1 V, to avoid a correction from
pulse’s centroid. The threshold of the START pulse was

2 V and of the STOP pulse - 0,6 V.

We started lasing to the tube, centered at the beanms center,
and we supposed that these counter reading corresponds to
the system delay. In each experiment we measured this
system delay at least three times and the standard devi~
ation of the mean was about ©.5185. Then we moved the laser
mount according to a matrix. In order to find the wave-
frontiistructure we subtracted the counter reading of the
points of the matrix from the system delay.

Figure 2, shows the results from the experiment # 3
/see Table 1/ and two sections of the beam. The matrix was
5x5 with space interval 0°, 100 on the mount., At the end

of'th@féﬁperimeﬁt“we“also measured'a'matrix“3x3'w;tﬁ'““

(,4_



run more experiments and we sow again the same peaks and,
in general that the wavefront structure is repreoducable.
The standard deviation of the mean counter reading in
each point was of the order of l‘ns.

As a conclusion we can say that this way of measure-
ment of the beam wavefront structure can give the wave-
front distortions of the laser beam. The accuracy of
these measurements is very good for laser units, like
the examined one, which shows a strong wavefront patern.
For more accurate measurements, care will have to be
taken for the cables the tube responses and maybe correct-
ion from the centroid.

The study of the wavefront distortions will give
explanations on the spreading of counter reading for the
case of ground targets /especially prisms/ and will
improve the satellite ranging accuracy if we know the
position of the satellite at the instant of laser range

- ' measurements.
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TABLE 1

RESULTS FROM THE WAVEFRONT'S STRUCTURE EXPERIMENTS
%

¥ 3 # 4 #5 #6
Space hetween-points
Points (0°.100) (0°.100) (0. 100) (0°.025)
a/a
HMean a. Gain Mean 9 Gain  Mean % Gain Mean % Ga
ns ns dh ns ns db ns ns db ns ns d
1 -21.2 0.51 32 —=21.4 0.65 31 ~15.6  0.31 2.
2 -22.2 0.80 30 -29.0 1,25 25 . ~-13.4 0.4 2.
3 ~-17.6 0,39 26 -17.7 1.29 23 ~3.0 i.64 2
. 4 ~-23.8 0.4 27 -26.5 0.3 28 ) -14,2 0,80 2
5 -21.7 0.27 31 -26.5 0.73 30 ‘ -17.2  D.65 2
& -2v.7 0.70 20 -26.5 1,72 27 -13.2 1.50 2:
7 -19.4 0.58 23 ~21.8 1.46 24 -23.9 2.19 21 ~9.7 1,05 21
8 -18.5 1.20 i7 ~15,1 1,02 19 ~-18.0 0.74 19 +12.6 1.05 21
g -21.6 0.69 22 ~24.7 2.12 21 ~19.2 0.87 22 ~-14.4 0.45 2L
0 -22.2 0.85 30 -30.0 1,92 -27 -15.2 0,70 2z
T ~20.7 0.52 26 -26.4 0.41 26 . o . -13.3 1.97 2=
12 -14.3 060 21 ~22.0 1.23 19 -20.8 0.22 1¢ -13.5  0.75 1f
13 0 0.41 8 0 0.46 8 0 "0.95 10 0 0.70 1€
i4 -14.4 0.70 21 -23.3 1.40 12 -18.4 0.49 19 - .3 1,58 23
15 -21.8 0,94 26 -28.1 2.04 26 -13.5  0.70 24
16 -13.0 (.76 20 -30.7 1,04 27 -13.6 0,81 24
17 -18.0 1,06 23 -21.4 0.9%0 22 =23;7 1.27 22 -10.3 0,99 23
18 - 3,9 0,62 14 -11.2 0.86 19 «i1.3 1.42 19 + 6.4 1.08 21
19 -18.5 0.63 22 ~22.6 0,89 22 =22.% 1,10 22 - 9.5 (.95 22
20 -18.5 0.83 30 ~27.4 1,19 27 -15.5 0.45 23
Z1 ~23.5 1,19 32 -25.2 0.8p6 32 -17.0  0.63 23
27 -20.0 1,13 20 ~28.,2 0,57 29 -13.6 0,34 22
23 =20, 0,77 26 «27.2 1,08 26 - 4,6 1.51 22
24 -22,9 0,80 peda) «27.8 2,08 A0 -10.7  0.72 23
25 «25.5 0.98 4 ~33,9 1,74 %3 -18.6 13 24
26 ~12.2 0.54 19 ~-15.8 1,10 19 '
27 + 2.1 0.82 18 ~- 1.0 0.13 17
28 -10.5 0.58 20 ~14.4 0,55 20
Z9 - 8.0 0.77 20 . - 9,5 1,47 20
30 - 8.8 0,54 19 -13.8 0,58 19
31 -13.1 0,69 20 -14.6 0,70 20
32 + 5.3 0.89 i8 + 4.1 0,59 19
33 -10.6 0.5 20 -11.8 1,55 20

10 meas.per point = 4 meas.per polnt. .. 4 meas.per polnt 4 meas.per point
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In this paper the cuthors deseribe the final plans for the
realicvation of o Lager telemetry station, which is now inan ini-
tial stase of construction,

The Uptical-beehnanical Ovsten

~Mount: modificd COHTRAVED BOTS-R Cinetheodolite, 15 pointing ac-
curacy; maximum velocity 3573, minimum velocity dﬁOQ/s, masximum
acceleration 62&3ﬂ

-Tracking: manual by Jjoy=stick, ronltoring the satellite by a clo=~
sed circult television camera {Magneti Marelli OT T 5/1)
~Transmitter optic: 12 cp § Md]iiﬂaﬁ telescope, 8z
~Transmitier bcamwi&ﬁh: fx?C + 3x107 =3 rad.

-lecelver optic: 50 cnm # Cassegrain telescone, 1:2.% paraboelic pri-
mary mirror_(ﬂuzan_EQSQﬂnggla 55 type) 4% hy 'perbolic secondary,
£.f.1. 500 om

~teceiver beamsidti: “x10™%s x> rad. by variable field diaphrasm

~fracking telescope: 20 em @ 1 aksutov-ewtonian te elescope, 1:3 pri-
nary mirror, giving a visual angle of 2.5 on 1 inch vidicon

-Interference Tilter: 7 to 10 4 bandwith, %0 to 557 peak transmission
(ORIEL or BALAERS), working in perallel light

he laser
~2uby EURAD LALLRG:
-itultinode oscillator stage KA50PTHM (Pulse Trangmission Mode) which
can supply pulses of 250 nwl in 4 ns with, 60 ppnm
—amplifier stagze capable of raising the pulse energy to 750 mJ,
60 ppm, thus giving an instantaneous power of about 150-200 M.
at 3 mrad. FAHR

N The Blectroniecs (sge ihe blopk*ﬁlagram)__;j”'. o
‘”*FhOtOMU£Llp11GF: HCA :

s reooiution
~Time base Alowic Og Master Clook (OSCILLGQUARYE B 5000) Q;J i
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-Constant {roction diseriminator

-Printer: H.P. model 5055 or S0DECO model PS

-Visualization of the angular position of the telemeter on two coune
ters of the up-down type with solid state display controlled by

two incremental encoders of the optical-elestronic type, giving
4,000 pulses per revolution (C.O0.M.T. Company of Milan)-
-Oscilloscope: TEKTRONIX 7000 Serie

With this set-up and with a precise calibration of the statio

on targeis as a funetion of echo height, we should expect a standard

deviation of less than 20 cm for an "average" passage of a "typical

asateilite,

¥ Istituto di Astronomia, Universitd di Cagliari, ITALY

*¥ Stazione Astronomica Internazionale di Latitudine, Cagliari-

Carloforte, TTALY
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The Inotiunent

The ucva}opxcnt carried out at the Central Earth Phyasicg
Institute in Potodum had the aim of extending the already
avallable satellite camera S5C mude by VEE Carl Zeisgss Jena
in such a way that besides the determination of angulor
positions, sntellite ranges can also be found with the aid
of a laser attachument. For thig, the SBG was equipped with
an additional hingoed mirror which iz swung into the ra ay path
during rangzing, Thereby it is possible to have gz rapid
changeover between the two types of obgervation, so that
in the course of a single passasge both photographic and

»

laser observations can be carried out,

The technical parameters of the instrument are typical
for first~generalion syetems. Details of the instrument are
“
published elgewhere /1/,

Transmitter

Output 1 to 24
Pulse duration 15 o 25 ng
Repetition-freauency max, 0,1 Hz
Angular aperturc 1 to 37
Receiver
Effective aperture 320 num dia,
ield of view T %o 107
'ilter AX= 1 nm, T = 5¢ <
Photomultinlier S~20, 2 ns
- ATAE C 31000 A
Courter roselution 10 e
SLSE Ny e
R T T o se Y ite ey & Tl

+
f
=
l
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the lager calellites are very faintl, vigible with our
gulding telegeope, This and unsufficient training of the
observers have led to a low number of observations so far,
Ranges from 20 satellite passages were obtained, with up
0 32 echos pep batsage. The largest leasured range of
GEOS 4 was 2,8 Im,

The used photomultiplier generates a relative large rate
of dark pulses with higher amplitudes, So the threshold of
the discriminator has to be get to 15 electron equivalents
for a gate time of 5 ms. To increase the effectivity of the
systern, we want to replace the miltiplier and to improve
the guiding systen,

Ransing eprop

Analysis of +he Tirst range measurements by the short arc
method led to standard deviations between 0,8 and. 1,2 m /2/,
It is assumed that thig random errors are primarily due to
variations in signal amplitude ang shape and to counter reso-
lution, Simple statistical analysis showed that the mean
standard deviation produced by the limited counter regolution
is CV(E: where Uis the counter resolution, Therefore one
would expect fov 10 08 resolution a gtandard deviation of 4 ne
corresponding to 0,6 my, if other sources of error are absent,
Using the well known relation for the resulting standard de—
viation 6. __
restrictions, it ig seen that in our cage the contribution
of the other error Sources ranges fronm 0,5 m to 1,1 m,

p
= 3% + GQ)/2, which is applicable with some

To study the influence of the signal amplitude we made
range measurements to a small retroreflector prism 2 km AWARY «

The gignal amplitude was varied by glass filterg in front of
the receiver, Since we used a simple leading ecdpe discrimi- i
hator, the measured range shift ig.n@arly‘Prbparfidﬁal'fo”the"%
- logarithm of the sj l”amplitgd@?m_,i,m. o o o

- 5;;?mﬁ&%ﬁxﬁfﬁﬂ e ”Tﬁu 5 '
FHat s tentora signal increas:
shortens the travel time by 7 ns corresponding to 1 m, Thisg ;

-

f}S’
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value may depend on the laser adjustment ang the concentrge
tion of the Q~switeh~solutionv If it g afounmed, that the
mean girnnl arplitude fron the satellite ts different from
the calibration level by two ordersg of Magnitude, an addi-
tional Systematic appop of 2 m would result,

Recently wa replaced the simple trigger by constont fraction
detector developed in our laboratory. This circuit reduced
the shift o less than 3 ns within the dynamic range of 20 4n,
For very hiigh slgnal amplitudes g Positive ghirt up to 10 ng
per 10 dE hasg been Observed, which is presunedly due +o over-

load,
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COMPUTER SIMULATION Op PULSE CENTROID CORRECTION

PROCEDURE

K. Hamal, M, Vrbhovyg

Correction Procedure is done. The computer was used to

and to fulfil the analog Centroid Correction Procedure /1/,

T
I'Ite) ae ,

-0

L}

Al(T)

J I(t) gt ,

T

1t

A2(T3

AI(T) - Az(T)
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Fig. 1 shows us three randonp realizations Ir(t} of photo-
current I(t) for three different Signal levels. p is number
of photoelectrons detected, IO is the ensemble average k
<L.(t)> and it ig Proportional to instantaneous light
intensity. Fr(r), FO(T) denote the functions appropriate
to Ir(t), Io(t) Tespectively. The center of light pulse

is definedqd by equation FO(TO) = 0,

In the case when pulse center T, is numerically
obtained the equality F.lt,) = 0 is Batisfied, The random
value (r - TQ3HF?PF3$¢n§ingﬁQE'thE-errbr-of this correc-
ftién'ié”tﬁe'distancggfmﬁhgm_
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The analog pulse centroid correction needs the stop
time Tg and the value Fr(rs) to be measured. FO(T) is
assumed to be known from callibrations or from pulse shape
measurements, The equality FO(Tl) = Fr(rs) enables us to
obtain the correction 1+ The error 41 of this measurement

in Table 1.

Table 1. Theoretical limit of accuracy

Number of photo- 3 2

electrons per shot 1o 1o 10
Accuracy of

adaptive threshold £ 1.3 * 3.3 £ 7
correction /nsec/ '

Accuracy of analog

centroid correction * 0.4 + 1.5 7

/nsec/

corrections apre the same as far as the measured valuye
. <
[Fr(rs)[ s 0.8, "
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VHEASURING SYSTRM Sup-yp

Detection PUT @ ROA model 8852 (ERMA IIT pvhotocathode)
Uptical filtera: bandwidths: 5 R , 108, 100 &8, 500 &
Progrommable attenuntor: 0 - 6% dB, atteruation predicted

N paper- Lhpe, Manual correction has been provided,

Amplifice: amplification 20 dB, risetime 0.8 ns.

Range »ate renesrator and Lpoch clock: SAG design.,

Time interval counter: Hewlett-Packard model 5360 A with

time intorval plus-in H 01-5379 A,

Laser control unit: vroduces CHARGE and FIRZ trigper sipnals
for the iasger system. The laser can bhe fired at  any predicted
time on full seconds. Wanual correction of the firing epoch
with =5.999 4o +3,09 seconds has been provided,

Station cloci: Hewlett-packard 50654 Rubidium time standard.
Continucucs freguency monitoring by means of VLE phase comparison
against HSF, Ruzby, 60 kKHe ( receiver TRACON model 8Y0A) .

Time coriparison against Netherlands national time standard
(V3%, The Hague) using TV sync. pulse technique,

Timing accuracy: within 5 ps of UTC,

2 TRANSHITTPING AD RECEIVING TrRLESCOPs

A sketch of the intesrated receiving and transmitting telescope
and the mount itself ig shown in figure 1. The transmitting telco-
cope ix ol o refracting coudd design and the recelving telescope
is a partial coudd lesign (optieal path passes through the eclevo-
tion axis) with o catadioptric (lens-mirror) optical train. Uhe
transmitsing telescope is located where the second reflector is
usually positioned in the nore conventional cassegrain reflecting
telescope. Hotice that by folding the receiving telescope back
on-itlselil and placin: the brancmitting Ledlescope concentric to

the recelvin- telescope, the gize of the complete optical systen
has been sirnificantly reduced, The transmitted laserp beam will
have a baam dismeter of 200 mm and the divergence will be ad just-
able from 1 to 20 are minutes., The aperture of the recelving
telescope will be 500 mm and the field of view will be adjustable
from 0.5 to 20 are minutes. The mount angular position will be
rcad ovutl using absolute optical shaft encoders, The mount control
unit comonarcs Lhe aetunl peagition with the desired position given
by the puaper tope reader. The eprore Slgmal generated will then

be used. to.dedve ﬁh@_DC_ﬁerVO_moLor;.An?ahSOIQte~pointiﬁﬁ'error"
of less than 20 are seconds 1o expreted, :
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A pousivility for viosual trackin: Las been provided by directing

the Tighl with wavelengths < 600 nu te an eyeplece,
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3 LASER SYSTEH

Specifications
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Oscillater
Amplifier |
Amplifier 2
Output Mirror

Q-Switch
Q-Switch Polarizers

Rear Mirrors

Cavity Configuration

Electro-optical Shutter

OQutput Polarization

Oscillator Power Monitor

Amplifier | Energy Mounitor

Amplifier 2 Power Monitor

Performance Chavacteristics

{Aipollo,

Wavelength
Linewidth

Output Enerpy:
4 ns shuttered mode
20 ns (Q~switched mode
Long pulse wmode

Beam Divergence

Output Stability

USA)

3/8" x 6" AR coatcd ruby

172" x 6" AR coated ruby

5/8" x 6" AR coated ruby

3/4" x 1/8" 0° sapphire etalon

0,45 "clear aperture, *p
Pockals cell, fluid immersed
Two Brewster plate stacks,
five plates per stack
100% dielectric-coated, 1" diameter
Flat-flat, 26" mirror

separation, pulse-on switching
0,45"aperture, KD*P Pockels

cell with dielectric polarizer.
Transverse laser—triggered spark

gap switch with coaxial trans—

mission line pulse’
networlk.

forming

Plane of polarization perpen-
dicular to mounting plane of
optical train

ITT F4GO0 biplanar photodiode,
8~1 surface

10 mm PIN silicon photodiode,
UDT Type PINIOD

Same as osclllator monitor

6943 8
0,3 2 fuhm

3 joules
10 joules
15 joules

3 mrad between half energy
points 5/8" maximum diameter

+.20%7 withinione mioute
+ 10/ thhin f;va minutes
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safety problems that arises whoen operating a
laser rangzing station is the possibility of eye damage

to airplane passcngers. To reduce this danger an aircrafe
detection system is being developed which will automati-
cally disable the laser if an aircraft approaches the
laser firing angle. The optical airerafr detection systenm
shown in figure 5 will be usced to perform this function.
During the day a spall field of view (5 are minutes dig-
meter} is scanned around the axis of the laser beam

(} degree off axis from the lascr beam). If the constant
signal level fronm the homogencous background of the blue
sky is interrupted by an airplane, the AC coupled photo-
multiplicr signal can then be used to disable the laser.

During the night the system will detect the running lights
of the airplane itself (red and green lights at the wing
tips and at the tail a white light),

In the focal plane of the objective, the off axis pinhole
is replaced by a pattern of transparent rings with a
width of about one minute of arc,

When an airplane light passes a ring the AC coupled
photomultiplier will give an electrical pulse. The field
of view of the system that corresponds to the total area
of the rings is so small that an acceptable false alarm
rate caused by the star background is anticipated,

The aircraft detection system is under test now. The first
results especially of the daylight system are promising.
Testing of the night system is difficult during the suminer,
due to the lack of airplanes during the few hours of
darkness,

CencLUsION

The two major requirements for this system vere firg
-that the station bhe & decond peneration System capable
of making sincle rangling moasuremonts with anoaccuracy
of better thon 0.15 m and second that in the interest
of desisn ceonomy the Station would be patterned alter
the operatin: 340 stationa,
“he complete system will be ready for test-operation
by the end of 1975,

Beagldes this the system should uloo be able to Llhaminate
satellites in order to perform dlternatively rénge wand
direction Roasurenents iﬁ_qenjunctipn_gitb_th@_axlgting
wnt., 0 -

camera equl pe




DICHRAIC

RED KEFLELTER

EYEPIEQ

2 s
4. _ B s s EE
(;4* T v
S I
.
N

Ba4nm IH"’“

4 |RECERED

ELEVATION BEARINGS

C fipure 1



